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(54) [Title of the Invention] LIQUID CRYSTAL DISPLAY UNIT 
(57) [Abstract] 

[Purpose] To provide a liquid crystal display unit capable 
of reducing a wire resistance of address wiring without 
reducing a productivity. 

[Constitution] On a glass substrate 23, there is formed a gate 
electrode 27 of three-layer structure of an aluminum film 24, 
a molybdenum film 25 and an aluminum film 26. On a surface 
of the gate electrode 27, there are formed an insulation film 
33 consisting of an anodic oxide film of aluminum and an 
insulation film 35 consisting of a silicon oxide film. On the 
insulation film 35 above the gate electrode 27, there are 
lamination- formed 1st and 2nd transistor layers 37, 38, and 
an etching stopper layer 39 is formed. On the insulation film 
35, a transparent pixel electrode 42 of ITO is formed in a 
matrix-like form. A drain electrode 43 becoming a part of a 
data wiring 44 intersecting an address wiring is formed, and 
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a source electrode is connected to the transparent pixel 
electrode 42. Since the molybdenum film 25 is interposed by 
the aluminum films 24, 26, the address wiring reduces a 
resistance value and can prevent a thermal deformation of the 
aluminum films 24, 26. 
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[Claims ] 

[Claim 1] A liquid crystal display unit in which an address 
wiring, a gate insulation film covering the address wiring, 
a data wiring disposed while intersecting the address wiring, 
a transparent pixel electrode positioned in a portion 
partitioned by the address wiring and the data wiring, and a 
switching element connected to the address wiring and the data 
wiring and corresponding to the transparent pixel electrode 
are formed on an insulating substrate, 

characterized in that the address wiring is a structure 
containing laminated layers in which one of a high melting point 
metal and a high melting point metal alloy is interposed by 
either of aluminum or aluminum alloy, and 

the gate insulation film is a multilayer structure 
containing laminated layers of an anodic oxide film of aluminum 
and a silicon oxide film. 

[Claim 2] A liquid crystal display unit set forth in claim 
1, characterized in that a plane shape of either of the high 
melting point metal and the high melting point metal alloy is 
inside than a plane shape of either of aluminum and aluminum 
alloy. 

[Claim 3] A liquid crystal display unit set forth in claim 
1 or 2, characterized in that the address wiring is a structure 
containing a structure in which the high melting point metal 
is interposed at least by aluminum. 
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[Claim 4] A liquid crystal display unit set forth in any of 
claims 1 to 3^ characterized in that the high melting point 
metal is molybdenum. 

[Claim 5] A liquid crystal display unit set forth in claim 
1, characterized in that the silicon oxide film is formed by 
a thermal CVD method. 

[Detailed Description of the Invention] 
[0001] 

(Industrial Field of Application] The present invention 
related to a liquid crystal display unit possessing an array 
substrate having a wiring structure and a gate insulation film. 
[0002] 

[Prior Art] Hitherto, as a liquid crystal unit for displaying 
characters such as letters and graphics, there is used matrix 
type one in which an address wiring having an electrode and 
a data wiring similarly having an electrode are intersected, 
and portions partitioned by the address wiring and the data 
wiring are made transparent pixel electrodes . 
[0003] Additionally, there is frequently used an active 
matrix type liquid crystal display unit having a switching 
element for drive while corresponding to each transparent pixel 
electrode. As the switching element, a thin film transistor 
(Thin Film Transistor) and a non-linear resistance element of 
metal-insulator-metal ( Metal-Insulation-Metal ) are typical 
and, among them, the thin film transistor is superior in its 
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high speed responsibility and suitable for a full color 
display. 

[0004] A constitution of array substrate in such an active 
matrix type liquid crystal display unit is described in^ for 
example, Shingaku Giho, Volume 92, No. 110. That is, the 
address wiring and an auxiliary capacity wiring are formed by 
a laminated structure of aluminum (Al) and molybdenum- tantalum 
alloy (Mo-Ta). 

[0005 ] Further, as a method of forming the laminated structure 
of the address wiring and the auxiliary capacity wiring, 
firstly aluminum is deposited on an insulating substrate such 
as glass for instance by a sputter method, thereby patterning 
to a predetermined wiring shape. Next, the alloy of molybdenum 
and tantalum is deposited to thereby work it so as to completely 
cover the pattern of aluminum, and the address wiring and the 
auxiliary capacity wiring which have electrodes are formed. 
And, a transistor active section forming a part of the switching 
element, a pixel electrode section, a data wiring and 
source-drain electrodes are formed in order, thereby 
constituting an array substrate for active matrix liquid 
crystal display. 

[0006] And, as shown in Fig. 3 and Fig. 4, in the array substrate 
1, on an insulating substrate 2 consisting of a glass substrate 
on whose surface a protective film is formed, there are formed 
in order a gate electrode 3, an address wiring 4 connected to 
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the gate electrode 3, a gate insulation film 5, a transistor 
layer 6, an etching stopper layer 7, a contact layer 8, a 
transparent pixel electrode 9, a source electrode 10, a drain 
electrode 11, and a protective film 12. As to the substrate 
of such a constitution, in a liquid display unit in which a 
diagonal of display area is 13.8 inches size and the number 
of address lines is 900, there was obtained a good display 
characteristic of pixel aperture rate about 30%. 
[0007] 

[Problems that the Invention is to Solve] Concerning a display 
screen of such a liquid crystal display unit, there is a 
tendency that, with an increase in screen and an increase in 
minuteness, an address wiring length becomes long and a width 
of the address wiring becomes narrow in order to malce the pixel 
aperture rate approximately constant. And, if the address 
wiring becomes long and the width becomes narrow, it leads to 
an increase in resistance, and it follows that a waveform of 
an address signal is distorted and a propagation delay of the 
signal occurs . That is, it appears as an ununiformity of image, 
thereby inviting a reduction in image quality. 
[0008] Therefor, there is also considered the fact that, by 
additionally providing the auxiliary capacity wiring, the 
address wiring and the auxiliary capacity wiring are made into 
a laminated structure of aluminum and a high melting point metal , 
thereby reducing the wiring resistance and decreasing the 
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propagation delay of the signal. 

[0009] However, after the laminated structure of aluminum and 
the high melting point metal has been foimed, since it is 
necessary to form a gate insulation film at a substrate 
temperature of 350 or higher, there arises a phenomenon in 
which a deformation occurs in aluminum by the heat process and 
a part protrudes in a thickness direction. That is, it is 
considered that the deformation of aluminum occurs as a 
composite action of the fact that aluminum itself is liable 
to move because a melting point of aluminum is low, a 
contamination prevention of the insulating substrate 2 of a 
foundation, a degassing from a film formed for the purpose of 
protecting the insulating substrate 2, a discharge of gas 
existing in aluminum, and magnitudes of thermal stresses of 
laminated films existing above and below aluminum. Therefor, 
in a post-process, a film exfoliation and a reduction in 
inter-film insulation ability of the insulation film occur 
owing to a reduction in adhesion ability with respect to the 
foundation, and it follows that a yield of the array substrate 
is extremely reduced. 

[0010] Further, if the structure in which aluminum is covered 
by the high melting point metal is adopted in order to prevent 
the thermal deformation of aluminum and increase a resistance 
to chemicals in a subsequent process, resist processes become 
by two times, and it follows a reduction in throughput is 
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invited . 

[0011] On the other hand, as other method, if an anodic oxide 
film of aluminum is used for the thermal deformation prevention 
of aluminum and the resistance to chemicals, a device becomes 
necessary in an aperture process of a connection pad section 
for adopting an electric connection of the address wiring, and 
the resist processes are required by two to three times. That 
is, since aluminum and the anodic oxide film of aluminum cannot 
take a large selective etching speed, there is a problem in 
mass production, and there is required such a combination that 
the anodic oxide film and a metal having a selectivity, such 
as chromium, are formed in the foundation of a portion becoming 
the pad section, and a place not partially, anodically oxidized 
is formed. 

[0012 ] The invention is one made in view of the above problem, 
and its object is to provide a liquid crystal display unit 
capable of reducing a wire resistance of address wiring without 
reducing a productivity. 
[0013] 

[Means for Solving the Problems] A liquid crystal display unit 
set forth in claim 1 is one in which — in a liquid crystal 
display unit in which an address wiring, a gate insulation film 
covering the address wiring, a data wiring disposed while 
intersecting the address wiring, a transparent pixel electrode 
positioned in a portion partitioned by the address wiring and 
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the data wiring, and a switching element connected to the 
address wiring and the data wiring and corresponding to the 
transparent pixel electrode are formed on an insulating 
substrate — the address wiring is a structure containing 
laminated layers in which one of a high melting point metal 
and a high melting point alloy is interposed by either of 
aluminum or aluminum alloy, and the gate insulation film is 
a multilayer structure containing laminated layers of an anodic 
oxide film of aluminum and a silicon oxide film. 
[0014] A liquid crystal display unit set forth in claim 2 is 
one in which, in a liquid crystal display unit set forth in 
claim 1 , a plane shape of either of the high melting point metal 
and the high melting point alloy is inside than a plane shape 
of either of aluminum and aluminum alloy. 

[0015] A liquid crystal display unit set forth in claim 3 is 
one in which, in a liquid crystal display unit set forth in 
claim 1 or 2, the address wiring is a structure containing a 
structure in which the high melting point metal is interposed 
at least by aluminum. 

[0016] A liquid crystal display unit set forth in claim 4 is 
one in which, in a liquid crystal display unit set forth in 
any of claims 1 to 3 , the high melting point metal is molybdenum. 
[0017] A liquid crystal display unit set forth in claim 5 is 
one in which, in a liquid crystal display unit set forth in 
claim 1, the silicon oxide film is formed by a thermal CVD 
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method . 
[0018] 

[Actions] In a liquid crystal display unit set forth in claim 
1^ since the address wiring is a structure containing laminated 
layers in which one of a high melting point metal or a high 
melting point metal alloy is interposed by aluminum or aluminum 
alloy, the high melting point metal or the high melting point 
metal alloy can be used in an intermediate without increasing 
a resist process, a thermal deformation of aluminum can be 
prevented, and an inter-layer insulation is improved. 
[0019] In a liquid crystal display unit set forth in claim 
2, since, in a liquid crystal display unit set forth in claim 
1, a plane shape of the high melting point metal or the high 
melting point metal alloy is inside than a plane shape of 
aluminum or aluminum alloy, a movement owing to a thermal 
deformation of aluminum or aluminum alloy can be prevented by 
the high melting point metal or the high melting point metal 
alloy, each of which has a small shape. 

[0020] Since a liquid crystal display unit set forth in claim 
3 is one in which, in a liquid crystal display unit set forth 
in claim 1 or 2, the address wiring is a structure containing 
a structure in which the high melting point metal is interposed 
at least by aluminum, the movement owing to the thermal 
deformation of aluminum can be surely prevented without 
increasing a resistance. 
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[0021] In a liquid crystal display unit set forth in claim 
4/ since, in a liquid crystal display unit set forth in any 
of claims 1 to 3, the high melting point metal is molybdenum, 
the deformation by a heat can be surely prevented. 
[0022] In a liquid crystal display unit set forth in claim 
5, since, in a liquid crystal display unit set firth in claim 
1, the silicon oxide film is formed by a thermal CVD method, 
the silicon oxide film can be simply formed. 
[0023] 

[Embodiment] Hereunder, one embodiment of a liquid crystal 
display unit of the invention is explained by referring to an 
array substrate, having an inverse stagger type transistor, 
shown in Fig.l and Fig. 2. 

[002 4] As shown in Fig.l, in an array substrate 21, on a glass 
substrate 23 that is a transparent insulating substrate on 
whose surface an insulation film 22 has been provided, there 
is formed a gate electrode 2 7 of a three-layer structure of 
an aluminum (Al) film 24, a molybdenum (Mo) film 25 that is 
a high melting point metal and an aluminum film 26, and the 
gate electrode 27 is protrusively formed in a part of an address 
wiring 28 shown in Fig. 2. 

[0025] Further, sdLmilarly to the gate electrode 27, there is 
formed an auxiliary capacity wiring 32 of a three- layer 
structure of an aluminum (Al) film 29, a molybdenum ( Mo) film 
30 that is a high melting point metal and an aluminum film 31. 
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Incidentally, the auxiliary capacity wiring 32 is disposed 
parallel to the address wiring 28 . 

[0026] Additionally, an insulation film 33 of an anodic oxide 
film of aluminum oxide and an insulation film 34 of an anodic 
oxide film are formed on surfaces of the gate electrode 27 and 
the auxiliary capacity wiring 32. Further, an insulation film 
35 as a silicon oxide film of silicon oxide ( SiOx) is formed 
on surfaces of the insulation film 33 and the insulation film 
34, and a gate insulation film 36 is formed by the insulation 
film 33 and a part of the insulation film 35. 
[0027 ] Further, a 1st transistor layer 37 of amorphous silicon 
(a - Si) and a 2nd transistor layer 38 of amorphous silicon 
(a - Si) are lamination- formed on the insulation film 35 above 
the gate electrode 2 7 and, additionally, an etching stopper 
layer 39 of silicon nitride (SiNx) is formed on a center of 
the 2nd transistor layer 38. 

[0028] Additionally, a drain side ohmic contact layer 40 of 
n-doped amorphous silicon (n + a - Si) is formed in one end 
side of the etching stopper layer 39, and similarly a source 
side ohmic contact layer 41 is formed in the other end side. 
[0029] Further, a transparent pixel electrode 42 of ITO 
(Indium Tin Oxide) is formed in a matrix-like form on the 
insulation film 35. 

[0030] Additionally, a drain electrode 43 in which three 
layers of molybdenum (Mo), aluminum (Al) and molybdenum (Mo) 
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have been laminated is formed on the drain side ohmic contact 
layer 40 and, as shown in Fig. 2, a data wiring 44 intersecting 
the address wiring 28 is formed in the drain electrode 43. 
Additionally, a similarly three-layer source electrode 45 
connected to the transparent pixel electrode 42 is formed on 
the source side ohmic contact layer 41 and, by these, there 
is formed an inverse stagger type thin film transistor (TFT) 

46 becoming a switching element. Further, a protective film 

47 of silicon nitride (SiNx) is formed on the thin film 
transistor 46. 

[0031] And, an opposed substrate not shown is disposed 
oppositely to the array substrate 21, and a liquid crystal is 
interposed between the array substrate 21 and the opposed 
substrate, thereby constituting a liquid crystal display unit. 
[0032] Further, as shown in Fig. 2, in a circuit constitution, 
the address wiring 28 and the data wiring 44 are disposed in 
a lattice-like form, and a thin film transistor 46 as a 
switching element is formed in a matrix-liJce form in an 
intersection portion of the address wiring 2 8 and the data 
wiring 44. 

[0033] And, a gate of the thin film transistor 46 is connected 
to the address wiring 28 and a drain to the data wiring 44, 
and the transparent pixel electrode 42 is connected to a source. 
Additionally, it has a liquid crystal capacity 48 by the 
interposed liquid crystal, and an auxiliary capacity 49 by the 



transparent pixel electrode 42 and the auxiliary capacity 
wiring 32. 

[0034] Next, it is explained about a manufacturing process 
of such an array substrate 21 shown in Fig.l. 
[0035] First, for the purposes of a contamination prevention 
from the glass substrate 23 and a protection of the glass 
substrate 23, the insulation film 22 is deposited by 300 nm 
on the glass substrate 23 by a sputter method and a CVD method 
etc . 

[0036] Next, on the insulation film 22, by the sputter method 
there are continuously deposited the aluminum films 24, 29 by 
200 nm in film thiclcness, the molybdenum films 25, 30 by 50 
nm and, additionally, the aluminum films 26, 31 by 200 nm. 
Incidentally, at this time, the aluminum films 24, 26, 29, 31 
are possible also by, for example, an aluminum alloy containing 
copper (Cu) 1 atomic % and silicon (Si) 0.5 atomic %. Further, 
in order to perform a thermal deformation prevention of 
aluminum and a taper etching by using mixed acid of phosphoric 
acid, nitric acid and acetic acid, a molybdenum film not shown 
may be deposited by 30 nm in film thickness subsequently to 
the aluminum films 26 , 31 . And, this molybdenum film is removed 
before an anodic oxidation process of the address wiring 28. 
On the three layers of the aluminum films 24, 29, the molybdenum 
films 25, 30 and the aluminum films 26, 31, a pattern of the 
address wiring 28 containing the gate electrode 27 and a part 
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of the auxiliary capacity wiring 32 are formed by using a 
photolithography. In the etching at this time^ the molybdenum 
films 25, 30, which are intermediate layers^ are worked to a 
shape in which they are side-etched by 200 to 500 nm from 
patterns of the upper and lower aluminum films 24^ 26, 29, 31 
to an inside. 

[0037] And, by a chemical conversion solution of citric acid 
0.1 weight %, the aluminum films 24, 26, 29, 31 are anodically 
oxidized at chemical conversion voltage 100 V by a thickness 
of about 170 nm. At this time, the molybdenum films 25, 30 
are not anodically oxidized, and the aluminum oxide insulation 
films 33, 34, which are anodic oxide films, are formed only 
in the upper and lower aluminum films 24, 26, 29, 31, so that 
the molybdenum films 25, 30 are covered by the anodic oxide 
films having grown from the aluminum films 24, 26, 29, 31. 
Incidentally, it is preferable that the chemical conversion 
solution is in the vicinity of neutral in its pH and, if it 
is a chemical conversion solution in the vicinity of neutral 
such as ammonium borate, the anodic oxide film can be formed 
without a problem. 

[0038] Subsequently, by a plasma chemical vapor deposition 
(CVD) method, there are continuously deposited the four layers 
of the insulation film 35 of silicon oxide (SiOx), the 1st 
transistor layer 37 of amorphous silicon (a- Si), the 2nd 
transistor layer 38 of amorphous silicon (a- Si), and silicon 
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nitride (SiNx). And, the upper layer silicon nitride is 
subjected to a patterning to thereby form the etching stopper 
layer 39 and, after applying a pretreatment , the n-doped 
amorphous silicon (n + a - Si) film is deposited by the plasma 
CVD method as contacts of the drain electrode 43 and the source 
electrode 45, thereby forming the ohmic contact layers 40, 41. 
Incidentally, Si02 by a thermal CVD method may be used in place 
of silicon oxide (SiOx). 

[0039] Next, the transparent pixel electrode 42 is formed by 
depositing ITO, and the patterning is performed. The 
transparent pixel electrode 42 is opposed to the auxiliary 
capacity wiring 32, and used also as a part of one electrode 
of the auxiliary capacity. 

[0040] Subsequently, an aperture of a pad section of the 
address wiring 28 is formed by an HF system etching solution. 
[0041 ] Additionally, the three layers of molybdenum, aluminum 
and molybdenum are deposited by the sputter method, and they 
are formed as the data wiring 44 containing the drain electrode 
43 and the source electrode 45. After this, by a reactive ion 
etching (RIE), the n + a - Si film on a back channel of the 
etching stopper layer 39 is removed. 

[0042] Next, as a passivation, the protective film 47 of a 
silicon nitride film is formed by the plasma CVD method, thereby 
completing the array substrate 21 for the liquid crystal 
display unit. 



[0043] By constituting as mentioned above, when an average 

wiring width of the address wiring 28 is made 10 jULm, and a 
wiring length of the same 20 cm, a resistance value becomes 

about 6 kQ , so that it can be made smaller than a conventional 
structure in which an aluminum layer is covered by a 
molybdenum-tantalum layer . 

[0044] Further, by anodically oxidizing the aluminum layer 
of the address wiring 28, an exfoliation of aluminum is 
prevented, so that an inter-layer insulation was improved. 
[0045] And, there is made a structure in which the molybdenum 
films 25, 30 of 50 nm are interposed by the aluminum films 24, 
29, 26, 31 of film thickness 150 nm for instance, and the gate 
insulation film 36 is made a structure containing the 
multilayer structure in which the insulation film 33 of the 
anodic oxide film is 200 nm, and the insulation film 35 of the 
silicon oxide film formed by the thermal CVD method is 300 nm. 
In this case, after the address wiring 28 is formed and the 
insulation films 33, 34 becoming the anodic oxide films are 
formed, the aluminum films 24, 29, 26, 31 don 't deform in the 
thermal process at 350^0 or higher, and a film exfoliation of 
the pattern of the address wiring 28 and a failure of the 
inter-layer insulation film don't occur, so that a yield can 
be improved in the formation of the array substrate 21 by the 
multilayer structure of the insulation films by the different 
method . 
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[0046] Further, since the selective etching of the anodic 
oxide film and molybdenum is assured also in the aperture of 
the pad section of the address wiring 28, there is no necessity 
to increase a resist process . By this , with a wiring resistance 
equivalent to the prior art, it can be realized to improve the 
yield without reducing a throughput. 
[0047] 

[Advantages of the Invention] According to a liquid crystal 
display unit set forth in claim 1, since the address wiring 
is a structure containing laminated layers in which one of a 
high melting point metal or a high melting point metal alloy 
is interposed by aluminum or aluminum alloy, the high melting 
point metal or the high melting point metal alloy can be used 
in an intermediate without increasing a resist process, a 
thermal deformation of aluminum can be prevented by reducing 
a resistance value than the prior art, and an inter-layer 
insulation is improved, so that it is possible to intend to 
increase the screen and increase the minuteness. 
[0048] According to a liquid crystal display unit set forth 
in claim 2 , in addition to a liquid crystal display unit set 
forth in claim 1, since a plane shape of the high melting point 
metal or the high melting point metal alloy is inside than a 
plane shape of aluminum or aluminum alloy, a movement owing 
to a thermal deformation of aluminum or aluminum alloy can be 
prevented by the high melting point metal or the high melting 



19 



point metal alloy, each of which has a small shape. 
[0049] According to a liquid crystal display unit set forth 
in claim 3, in addition to a liquid crystal display unit set 
forth in claim 1 or 2, since the address wiring is one that 
is a structure containing a structure in which the high melting 
point metal is interposed at least by aluminum, the movement 
owing to the thermal deformation of aluminum can be surely 
prevented without increasing a resistance. 

[0050] According to a liquid crystal display unit set forth 
in claim 4, in addition to a liquid crystal display unit set 
firth in any of claims 1 to 3, since the high melting point 
metal is molybdenum, the deformation by a heat can be surely 
prevented . 

[0051] According to a liquid crystal display unit set forth 
in claim 5, in addition to a liquid crystal display unit set 
forth in claim 1, since the silicon oxide film is formed by 
a thermal CVD method, the silicon oxide film can be simply 
formed . 

[Brief Description of the Drawings] 

[Fig.l] It is a sectional view showing one embodiment of a 
liquid crystal display unit of the invention. 
[Fig. 2] It is a circuit diagram showing an equivalent circuit 
of an electric circuit of the same. 

[Fig. 3] It is a sectional view showing a vicinity of a 
switching element of a liquid crystal display unit of a 
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conventional example . 

[Fig.4 ] It is a sectional view showing a vicinity of an address 

wiring section of the same. 

[Description of Reference Numerals] 

23 glass substrate as insulating substrate 

24, 26 aluminum film 

25 molybdenum film that is high melting point metal 
28 address wiring 

33 insulation film as anodic oxide film 

35 insulation film as silicon oxide film 

36 gate insulation film 

42 transparent pixel electrode 
44 data wiring 

46 thin film transistor as switching element 
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FIG.l 

46 SWITCHING ELEMENT 

42 TRANSPARENT PIXEL ELECTRODE 

35 SILICON OXIDE FILM 
33 ANODIC OXIDE FILM 

36 GATE INSULATION FILM 
26 ALUMINUM 

25 HIGH MELTING POINT METAL 

24 ALUMINUM 

23 INSULATING SUBSTRATE 
FIG. 2 

28 ADDRESS WIRING 

44 DATA WIRING 
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